SCHOLARLY research output in terms of publication in journals is continuously used as an indicator by various funding agencies in the country as well as by the University Grants Commission to compute the academic performance index (API) for faculty recruitment and promotion. To improve the API scores, some faculty have started their own journals for increasing the publication output. It has been reported that about 27% of the publishers of the fake journals and 42% of the fake singlejournal publishers are based in India 1, 2 . Over a period of time, more importance has been given to the number of publications and analysis of research output has also been based on the quantity 3 . Hence the quantity has taken over the quality aspects in measuring the scholarly output of institutions 3 . The scientometric profiles of Indian institutions based on publication output, as reflected in the Science Citation Index (SCI) and Indian Science Abstracts (ISA), have been reported 4, 5 . A scientometric study revealed that 29 institutions contributed to 45% of all publications from India in SCI journals in 1997 (ref. 4) . Another analysis carried out on the publication output of Indian institutions during 2006 in journals abstracted in ISA revealed that the universities, colleges, state Agricultural Universities and medical institutions contributed to more than 70% of the country's publication output 5 . In terms of the number of publications, top 50 institutions contributed to 25% of India's publication output and more than 3380 other institutions contributed to the remaining 75% (ref. 5 ). The authors concluded that Scopus and Web of Science (WoS) could be used along with ISA for assessment of publication output 5 . Prathap and Gupta 6 ranked the Indian engineering and technological institutions based on their publication performance during 1998-2008 computed using p-index, a function of the number of citations and number of publications.
A composite index containing total number of papers, number of citations, highly cited papers and number of papers with international collaborations has also been proposed in the literature 7 . The Central Universities in India were ranked based on the composite index calculated for the period 2010-2014. University of Delhi and Banaras Hindu University (BHU), Varanasi emerged as the top-ranked Central Universities 7 . Databases such as Scopus, WoS, Google Scholar, etc. provide information about articles, authors, citations, institutions and countries. Some of the common parameters that are used to evaluate the performance of the faculty or institutions are the number of publications, impact factor, citations and h-index. These parameters suffer from the following limitations while considering them for assessment of the performance of faculty: (i) impact factor of science journals is higher when compared to those of engineering, social sciences and humanities journals; (ii) the number of citations can be polarized through a few highly cited articles, and (iii) h-index does not take into account the age of the publications, thus favouring older publications whose citations accumulate with time. While considering the performance of the institutions based on the above parameters, the number of publications is not normalized to the number of faculty in the institutions and the h-index does not take into account the age of the institutions. An institution with higher faculty strength is naturally expected to have higher publication productivity and hence the absolute number of publications cannot be used as a basis of comparison of different sized institutions. This has been accounted in the National Institutional Ranking Framework (NIRF) of the Ministry of Human Resource Development (MHRD), Government of India, and hence the publication output is normalized on the basis of the number of publications per faculty. Also, h-index of an institution is based on the number of cited papers and does not account for the age of the publication. Hence, this gives rise to older institutions (>40 years) having higher h-index when compared to newer institutions (<25 years), though the research productivity is low for some of the older institutions in the recent times. As the absolute number of publications and their corresponding citations along with h-index do not provide information on the quality of publications, we have used SciVal (a product of Elsevier) to determine the quality of publications. SciVal is a bibliometric tool to assess the research performance of individuals, institutions and countries with data taken from Scopus. Using SciVal, it is possible to analyse the research performance of countries and benchmark institutions relative to their peers and obtain insights into the research trends across 7500 institutions in 220 nations.
In this study, we have used output in top citation percentile to evaluate the performance of institutions in the country. The output in top 10 percentile indicates the extent of an institution's publication within the top 10 percentile of most cited papers. In addition, the output in top 10 percentile (of cited papers) can be used to benchmark institutions based on their contribution to the most influential and highly cited publications 8 . This parameter serves to distinguish the performance of organizations that have similar publication output, citations per paper and h-index on the basis of contribution to highly cited articles 8 .
Methodology
The output in the top 10 percentile was considered for the period 2011-2016 (6-year period) for analysing the scholarly performance of Indian institutions and laboratories. The period of study was chosen to reflect the performance of Indian institutions in the most recent past, and a significant number of scientometric reports are available for different subject areas for other periods [9] [10] [11] [12] [13] . The output in the top 10 percentile was obtained for 15 different fields ( Table 1 ). The national percentage in the subject area (Table 1) indicates the percentage of the country's total publications in the specified subject area. For instance, 4.9% of India's total publications during the period 2011-2016 was in the subject area of agriculture and biological sciences as revealed by SciVal. A total of 365 institutions were listed in a SciVal search for publication output from India during 2011-2016. The analysis of total research publications was limited to institutions that published at least an average of 300 papers per year during the 6-year period (minimum total publications of 1800 for the 6-year period) and had output in top 10 percentile greater than the national average of 9%, as obtained from SciVal for the period of study. With respect to subject-wise analysis, institutions were filtered based on the number of publications calculated as the product of national percentage in the respective subject areas and the minimum threshold number of publication (1800) by an institution for the period. Accordingly, Table 1 gives the minimum number of publications in each area for the period 2011-2016 required for an institution to be included in the analysis.
Results
During the period 2011-2016, 789,089 papers have been published by India and the global publication output was 23,459,397. More than 65% of total research publications with Indian affiliations was from seven subject areasmedicine, engineering, computer science, physics and astronomy, chemistry, biochemistry and materials science. This observation is reasonably in good agreement with the findings of Prathap 13 that the publications of major Indian institutions are in the fields of physical sciences and engineering, with no substantial contributions in social sciences, arts and humanities. Out of the 365 Indian institutions listed in SciVal for the 6-year period, 51 had at least 1800 papers with output in top 10 percentile greater than the national average of 9%. Of these 51 institutions, there are only 3 private deemed universities, namely BITS Pilani, Thapar University and SASTRA University (Table 2) .
Subject-wise analysis
The following sections provide a detailed analysis of the publications in the seven main subject areas along with the list of contributing institutions in the corresponding areas. Field weighted citation index (FWCI) compares the citation of an institution's publication with those of similar publications in the data universe 8 . Hence, FWCI has also been included in the analysis of publications in the seven main subject areas. The global average output in the top 10 percentile and global FWCI have also been taken for these 7 main subject areas for comparison.
Medicine
In the subject area of medicine, a total of 157,610 papers were published during the period 2011-2016 and the national average output in top 10 percentile was 8.7%, with FWCI of 0.74. India's contribution to the total publications in this subject area during the period was 3.18%. Forty-eight Indian institutions had at least 238 publications during this period and their outputs in top 10 percentile were greater than the national average of 8.7% (Table 3) . Of these 48 institutions (41 public funded and 7 private), 44 had FWCI greater than the national average of 0.74, and 32 institutions had FWCI greater or equal than the global average of 1.03. The global average output in top 10 percentile for this subject was 14.2%. Only 31 institutions (shown in bold in Table 3 ) had both output in top 10 percentile and FWCI equal to or greater than the global average.
Engineering
In engineering, a total of 147,449 papers were published during 2011-2016 and the national average output in top 10 percentile was 7.9%, with FWCI of 0.84. The global average output in top 10 percentile was 7.6%, closer to the national average. India contributed to an extent of 4.63% of global publications in this subject area. Forty Indian institutions had output in top 10 percentile greater than the national average (Table 3) . Of these 40 institutions, 25 (shown in bold face in Table 3 ) had FWCI greater than the global average of 0.99.
Computer science
In computer science, a total of 107,052 papers were published during 2011-2016 and the national average output in top 10 percentile was 3.2%. Thirty-one institutions (25 public and 6 private; Table 3 ) had output in top 10 percentile greater than the national average, and only 12 (10 public and 2 private) had output in the top 10 percentile greater than the global average (5.6%). Of these 31 institutions, only Jadavpur University had FWCI equal to the global average of 1.05. India's contribution to total publications was 5.73% and national FWCI was 0.69.
Physics and astronomy
In physics and astronomy, a total of 92,804 papers were published during 2011-2016 in India. The national average output in top 10 percentile and FWCI were 13.1% and 0.92 respectively. Thirty-eight institutions (31 public and 7 private; Table 3 ) published more than 116 papers in this subject in the last six years and had greater than 13.1% as output in top 10 percentile. The global FWCI was 1.05 and only 22 institutions (shown in bold face in Table 3 ) had both FWCI greater than the global FWCI and output in top 10 percentile greater than the global average (13%). Among these institutions, 19 are public funded and 3 are private institutions.
Chemistry
In chemistry, a total of 92,346 papers were published during 2011-2016 and the national average output in top 10 percentile was 19.4%. Forty institutions had output in top 
Biochemistry, genetics and molecular biology
In biochemistry, genetics and molecular biology, a total of 88,330 papers were published during 2011-2016, with the national average of output in top 10 percentile and FWCI being 13.5% and 0.75 respectively. The number of institutions with a minimum of 133 publications in this Table 3 . Indian institutions with publication output greater than or equal to the minimum number of publications required (as shown in Table 1 ) and output in top 10 percentile greater than the national average. Data are tabulated subject-wise. The field weight citation index (FWCI) of these institutions is also shown subject-wise, wherever applicable discipline and with output in top 10 percentile greater than 13.5% was 52 (Table 3 ). The FWCI of 46 institutions was greater than or equal to the national average of 0.75. The global average for output in top 10 percentile and FWCI area were 22.8% and 1.16 respectively. Four institutions (shown in bold in Table 3 ), had both output in top 10 percentile and FWCI greater than the global average.
Materials science
In the subject area of materials science, a total of 83,051 papers were published during the period 2011-2016 and the national average output in top 10 percentile was 16%. The global average output in top 10 percentile was lower than the national average in this subject category. The number of institutions with output in top 10 percentile greater than the national average was 35, out of which 19 institutions (shown in bold in Table 3 ) had FWCI greater than the global average of 1.10. Three other institutions (University of Hyderabad, BHU and SASTRA University) had FWCI (1.09) very close to the global average. The national FWCI for materials science during this period was 0.98.
Summary
The quality-based analysis of publications by Indian institutions, in terms of output in top 10 percentile and FWCI revealed that a reasonable number of institutions engage in scholarly research leading to impactful papers. Materials science, physics and astronomy were strong subject areas with output in top 10 percentile better than the respective global average. Jawaharlal Nehru Centre for Advanced Scientific Research, Tata Institute of Fundamental Research, Indian Institute of Science, Indian Institute of Technology-Roorkee, Shivaji University, Panjab University and Aligarh Muslim University were among the top 10 contributors in three of the seven major subject areas, with both FWCI and output in top 10 percentile greater than the global average. In the private sector, BITS-Pilani, SASTRA University and Amrita Vishwa Vidyapeetham were among the top three contributors in at least two of the seven major subject areas, with both FWCI and output in top 10 percentile greater than the global average.
